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Abstract 
Bi-layer nanostructures of copper phthalocyanine (CuPc ~ 80 nm, ~100 nm and ~200 nm) with a very thin film of 
palladium (Pd ~18 nm) on the top, have been studied for hydrogen gas-sensing application at ~30-380C, and medium 
(0,5 – 4%), and low (0,01-0,08%) hydrogen concentrations in synthetic dry air. The structures were obtained by 
vacuum deposition (first the CuPc and then the Pd film) onto a LiNbO3  (Y- cut Z-propagating) and glass substrates 
and were tested by means of the Surface Acoustic Wave (in a dual channel delay line configuration) and resistance 
methods. Very repeatable results have been observed for these three nanostructures with changes in frequency on the 
level of 100 to 600 Hz, for hydrogen concentration from 0,5 to 4 % in air. The absolute response value depends on 
the CuPc film thickness, the interaction temperature and hydrogen gas concentration and is greater for the bi-layer 
nanostructure with a medium (100 nm) CuPc film. 
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1. Introduction  
Recently, multilayer structures, especially bi-layer nanostructures, have been used extensively to 
improve the sensitivity and reliability of conventional chemical and biological sensors [1]. Thin single 
films of Pd and CuPc do not present sufficient sensitivity in the SAW sensor towards hydrogen molecules 
[2,3]. In the last paper [4] the bi-layer structure with 50 nm of WO3 and 18 nm of Pd has been tested 
towards hydrogen concentration.  
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The motivation for the present work is to investigate the bi-layer sensor nanostructures with CuPc films 
(80, 100 and 200 nm) and the same palladium film (Pd~18 nm) in order to obtain greater frequency shifts 
and faster response.   
The main purpose for using a bi-layer nanostructure of a semiconductor - metal type in a SAW system 
is the possibility of utilizing it in acousto-electric interactions. In the case of a single film of CuPc (with 
low surface electrical conductivity) and Pd (high surface conductivity) the “work point” in the acousto-
electric characteristic is in the region of low sensitivity, where even great changes in conductivity do not 
cause significant changes in SAW velocity.  The application of a bi-layer concept creates possibilities for 
shifting the “work point” to the high sensitivity region with medium conductivity – between the low and 
high values. In this region even small changes in conductivity cause great changes in SAW velocity, 
Fig.1a.                                                                                 
Table 1. Measured (h,Vs) and calculated ([) values 
 
(a)             (b) 
Fig. 1. (a) the theoretical dependence of relative changes of SAW velocity (left) and attenuation (right) vs. the acoustoelectric 
parameter [=Vs/v0Cs; (b) Table 1. Measured (h,Vs) and calculated ([) values for investigated nanostructures in SAW system 
Consequently, even small changes in SAW velocity (followed by interaction of sensor nanostructures 
with hydrogen gas molecules) cause great changes in oscillation frequency [5]. The acoustoelectric (AE) 
parameter, defined as ȟ = Vs/v0Cs, can be additionally measured by the electrical planar method [6]. The 
results for single CuPc film and bilayer nanostructures of CuPc and Pd are shown in Table 1 – Fig.1b. 
The acoustoelectric parameter is closest to the number 1 for the bilayer structure with CuPc ~100 nm 
and Pd ~18 nm (ȟ = 5,5x10-2). Consequently, the acoustoelectric interaction can be observed most 
effectively especially for this nanostructure - Fig.3.  
2. Experimental 
The investigated CuPc layers were made by means of the vacuum sublimation method (~1x10-5 mbar), 
using a special aluminium mask on the LiNbO3 substrate maintained at about room temperature. The 
vapour source consisted of commercially available CuPc powder (Aldrich 99.9%) and a molybdenum 
heater.  The average growing velocity of the film was about 1.5 nm/s and the temperature slightly 
exceeded 3500C. A copper-constantan thermocouple was used to control the temperature. The thin 
palladium (Pd) layer (about 18 nm) was made separately by means of vapour deposition in high vacuum, 
Single or 
Bi-layer 
structures 
Thickness  
h [nm] 
from QCM 
Vs  [:-1] 
from 
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planar 
method 
Acousto-
electric 
parameter 
[=Vs/v0Cs 
 
Palladium 20 1,85* ~105 
CuPc 200 5 x 10-14 1,9 x10-8 
CuPc + Pd 80+18 1x10-11 1x10-5 
CuPc + Pd 100+18 8,8x10-8 5,5x10-2
CuPc + Pd 200+18 2,4 x10-10 1,5 x10-4 
 For the vol. conductivity VPd = 9,26 x 106 [1/:m] at 250C   
 v0Cs = 1.6 x 10-6 [:-1] for LiNbO3 Y – Z   
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and after the deposition of the CuPc film in a new process. The AFM pictures of the obtained bi-layer 
nanostructures with a 80 nm CuPc and 18 nm of Pd on a piezoelectric and glass substrates are shown in 
Fig.2. In both cases the topography shows a grain-like structure with grains protruding from the surface. 
According to NC-AFM phase measurements it looks like the  palladium is growing most likely on the top 
of the CuPc grains avoiding the inter-grain areas. 
 
 
 
 
 
 
 
 
 
 
      
 
 (a)             (b) 
Fig. 2.  AFM pictures (a) CuPc + Pd on LiNbO3 substrate (SAW sensor); (b) CuPc + Pd on glass substrate (resistance sensor) 
3. Results
The obtained results, for the SAW and resistance sensor samples with different CuPc and Pd 
nanostructures, towards hydrogen detection are shown in Fig.3 and 4. 
     
  
                                 (a)             (b) 
Fig. 3. Bi-layer nanostructure of 100 nm CuPc and 18 nm of Pd (a) fast (less than 4 s) acoustic interaction with hydrogen at about 
380C; (b) frequency shift vs. hydrogen concentration in air.  
 
 
The sensitivity can be estimated on the level of about 104,8 Hz/% at the interaction temperature of 
380C, and the characteristic is almost linear - Fig.3b. The interactions with the hydrogen molecules and 
the nanostructures with 200 and 80 nm of CuPc and 18 nm of Pd are shown in Fig.4. 
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                                        (a)             (b) 
Fig. 4. (a)  interaction with the low hydrogen concentration 0,01-0,08% in air at about 34oC for the nanostructure with 200 nm of 
CuPc and 18 nm Pd; (b) interaction with the medium hydrogen concentration 0,5-4% in air at about 33oC for the nanostructure with 
80 nm of CuPc and 18 nm Pd – very week acoustoelectric interactions 
4. Conclusions 
Three nanostructures of CuPc and Pd have been tested in SAW and resistance sensor systems. These 
structures have good stability, repeatability and short response times to the medium and low hydrogen 
concentration in dry synthetic air at the low interaction temperature of 30-380C. A good correlation 
between acoustic and resistance sensors shows the acoustoelectric interaction type which is characteristic 
for the nanostructures with AE parameter nearest to the number 1- similar to the bi-layer 100 nm CuPc 
and 18 nm of Pd, which has the best AE parameter (5,5x10-2). The absolute response value depends on 
the CuPc film thickness, the interaction temperature and hydrogen gas concentration, and is greater for 
the bi-layer nanostructure with a 100 nm thick CuPc film at similar interaction temperatures. 
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